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CLAIMS 

1. A photodetector circuit including a photodiode detector (312/314) and an 
associated readout circuit, characterised in that the circuit incorporates a CMOS 
component (300 to 312), at least one epitaxial layer (314) which is an active region 
3f the photodiode detector and a guard ring (310) delimiting the photodiode 
defector (312/314) to enhance electric field uniformity and inhibit breakdown. 

2. A photodetector circuit according to Claim 1 characterised in that the CMOS 
component comprises a substrate (600) supporting and insulated from CMOS 
circuitry (606), the photodiode detector (600/614/616/620) is operable in current 
multiplicationViode and the at least one epitaxial layer (616) is deposited upon the 
substrate (600). 

3. A photodetector circmt according to Claim 2 characterised in that the photodiode 
detector is a PIN struc^iire (600/614/616/620) in which the at least one epitaxial 
layer (616) provides a higli field region. 

4. A photodetector circuit accoraing to Claim 2 characterised in that the photodiode 

detector is an avalanche photodiode (600/614/616/620) and comprises a first 

\ 

region (614) incorporated in the substrate (600), and the at least one epitaxial layer 
is a layer (616) upon the first region (614) and provides a second region of the 
photodiode. 

5. A photodetector circuit according to Claim. 2 characterised in that the at least one 
epitaxial layer comprises two layers (616, 62^) providing second and third regions 
of the photodiode (600/614/616/620), the second region (616) is upon the first 
region (614) and the third region (620) is upon «ie second region (616), the first 
and third regions (614, 620) are of mutually opposite conductivity type, the second 
region (616) is substantially undoped and the third \^gion (620) is an epitaxial 
layer. 

6. A photodetector circuit according to Claim 5 charactered in that the third 
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av^danche photodiode region (620) is electrically connected to the guard ring (612) 
andiaas like potential therewith during circuit operation 

A photpdetector circuit according to Claim 1 characterised in that it is arranged to 
provide\a logarithmic response to incident radiation. 

A photodQtector circuit according to Claim 1 characterised in that it incorporates 
parasitic pH^todiodes (PPD21, PPD22) arranged to contribute to circuit output in 
response to iricident radiation. 



A photodetector circuit according to Claim 1 characterised in that it includes an 
amplifier (MA5\/MA52) arranged to provide feedback to stabilise photodiode 
detector bias voltage. 



A photodetector circuit according to Claim 9 characterised in that the amplifier 
(MA51/MA52) is arranged to amplify an output signal from the photodiode 
detector (APD5) and toNprovide feedback to bias a load transistor (MLS) in series 
with the photodiode detector (APD5). 

A photodetector circuit according to Claim 10 characterised in that the amplifier is 
a push-pull amplifier (MA71aIVIA72). 

A photodetector circuit according to Claim 10 characterised in that it includes a 
cascode transistor (MC9) arranged to reduce Miller Effect capacitance in the 
amplifier (MA9 1/MA92). \ 

A photodetector circuit according to Claim 1 characterised in that the CMOS 
component is a substrate (600) supporting and insulated from CMOS circuitry 
(606), the photodiode detector comprises a first region of one conductivity type 
(614) incorporated in the substrate, the a\ least one epitaxial layer comprises t\yo 
epitaxial layers (616, 620) one of which \6 16) is substantially undoped and the 
other of which (620) is of opposite conductivity type to that of the first region 
(614), the first region (614) and the twto epitaxial layers (616, 620) being 
configured as a PIN diode. \ 
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14. plWodetector circuit according to Claim 13 characterised in that the undoped 

epitaxfSMMayer is of SiGe alloy or is a quantum well structure of the Sii-xGex 
material sy^feiQ^ where the value of the compositional parameter x changes 
between succe^ve"r»^ers. 

A photodetector circuit including a photodiode detector and an associated readout 
circuit, characterisedNin that it is arranged to provide a logarithmic response to 
incident radiation and\ncorporates at least one silicon-germanium alloy region 
(261, 278) arranged for photon absorption to which the circuit is responsive, such 
region being in at least onei of the photodiode detector and a substrate supporting 
the circuit. 

16. A photodetector circuit accordiW to Claim 15 characterised in that it incorporates 
parasitic photodiodes arranged \o contribute to circuit output in response to 
incident radiation. 

17. A photodetector circuit according to Olaim 15 characterised in that the photodiode 
detector is an avalanche photodiopg/(260l 

18. A photodetector circuit accordint l^^lairn 15 characterised in that it includes an 
amplifier (MA51/MA52) arranged to provide feedback to stabilise photodiode 
detector bias voltage. 

19. A photodetector circuit according to Claim IsVharacterised in that the amplifier 
(MA51/MA52) is arranged to amplify an output signal from the photodiode 
detector (APD5) and to provide feedback to bias a^load transistor (MLS) in series 
with the photodiode detector (APD5). 

20. A photodetector circuit according to Claim 19 characterised in that the amplifier 
(MA91/MA92) includes a cascode transistor (MC9) Ranged to reduce Miller 
Effect capacitance. 

21. A photodetector circuit according to Claim 15 characterisec^in that the amplifier is 
a push-pull amplifier (MA81/MA82). 
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23. 



24. 



25. 



An array of photodetector pixel circuits each including an avalanche photodiode 
detectV (APD5) and an associated readout circuit (50), characterised in that each 
readoutVircuit (50) includes an amplifier (MA51/MA52) arranged to provide 
feedback fb a transistor load (ML5) in series with the detector (APD5) to stabilise 
photodiode qetector bias voltage and to provide an output indicating radiation 
intensity illuminating the detector (APD5), and each readout circuit (50) is 
implemented by\:ircuit elements integrated within the respective pixel circuit. 

An array accordin^o Claim 22 characterised in that each avalanche photodiode 
detector (600/6 14/6 r6/620) comprises epitaxial semiconductor material (616) 
upon a substrate (600)Aand the amplifier is incorporated in CMOS circuitry (606) 
supported by the substrate (600) but insulated from it. 

An array according to Claim 23 characterised in that the epitaxial semiconductor 



im 



material comprises two epita^^ial layers (616, 620) which in combination with the 
substrate (600/612) provide a BBSf diode structure. 



An array according to Claim 23 characterised in that for each photodetector pixel 
circuit the substrate (600) has ai/^ij:4jff^sion of dopant material providing one 



region (614) of the associated av 



26. An array according to Claim 22 !p 




photodiode detector (600/614/616/620). 



afcterised in that each avalanche photodiode 
detector (600/614/616/620) is operable in a current multiplication sub-Geiger 
mode at low incident radiation intensities\ind in a non-multiplication mode at high 
incident radiation intensities. 



27. An array according to Claim 22 characterised in that it incorporates parasitic 
photodiodes (PPD21, PPD22) connected in parallel with the avalanche photodiode 
detector (APDl) and arranged to contribute \to circuit output in response to 
incident radiation. 



28. An array according to Claim 22 characterised in that each pixel circuit amplifier 
(MA91/MA92) includes a respective cascode transistor (MC9) arranged to reduce 
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Miller Effect capacitance. 

A pho\pdetector circuit according to Claim 22 characterised in that each pixel 
circuit amplifier is a push-pull amplifier (MA81/MA82). 

A method \f making a photodetector circuit incorporating a photodiode detector 
(600/614/61^/620) and an associated readout circuit (606), the method including 
the step of producing a CMOS circuit component (600/602/606), characterised in 
that the methodV also includes producing upon the CMOS circuit component 
(600/602/606) at least one epitaxial layer (616) providing an active region of the 
photodiode detectoX (600/614/616/620) and a guard ring (612) delimiting the 
photodiode detector to^enhance electric field uniformity and inhibit breakdown. 

A method according tcXciaim 30 characterised in that it includes the step of 

forming a first region (614) of one conductivity type within the guard ring (612), 

and wherein the step of producing the at least one epitaxial layer comprises 

\ 

producing upon the first region (614) a epitaxial layer (616) , the photodiode 

\ 

detector (600/614/616/620) being delimited by the guard ring (612) in order 
substantially to avoid comers\nd related features associated with undesirable 
localised enhancement of ele^c^ield. 



A method according to C 
surmounted by a layer (620J 



1 characterised in that the epitaxial layer (616) is 
)f op^site conductivity type to the first region (614). 

\ 

A method according to Claim 31 characterised in that it includes the step of 
producing a first region (614) of one coiaductivity type incorporated in the CMOS 
component (600/602/606), and whereinXthe step of producing the at least one 
epitaxial layer comprises producing two epitaxial layers (616, 620) one of which 
(616) is substantially undoped and the other of which (620) is of opposite 
conductivity type to that of the first region^ (614) to provide a PIN avalanche 
photodiode. 

A method according to Claim 33 characterised \n that the undoped epitaxial layer 
(616) is of SiGe alloy or is a quantum well structure of the Siu^Gex material 
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36. 



37. 



vstem where the value of the compositional parameter x changes between 
sucicessive layers. 

mdfcod of making a photodetector circuit incorporating a photodiode detector 
(600/6 14H6 16/620) and an associated readout circuit (606), the method including 
the step ofSproducing a CMOS circuit component (600 to 606), characterised in 
that the CMOS circuit component is a substrate (600) bearing an insulating region 
(602) itself supporting the readout circuit (606), the readout circuit (606) is a 
CMOS structure,\nd the method includes producing upon the substrate (600): 

a) at least onX epitaxial layer (616) providing an active region of the 
photodiode detector (600/614/616/620). and 

b) a guard ring (61^ delimiting the photodiode detector to enhance electric 
field uniformity an\inhibit breakdown. 

A method according to Claii^v ^ characterised in that the at least one epitaxial 
layer is an epitaxial layer (6ll!pv^i(li is substantially undoped and is a central 
high field region of the photodilbd\od/tector (600/614/616/620) between two other 
such regions (614, 620), the other "^ions (614, 620) being of mutually opposite 
conductivity type. 

A method according to Claim 38 characterised in that one of the other regions 
(614, 620) is a doped region (614) of the substrate (600). 



